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Introduction
• The impervious surface created by highway in the state of Georgia and the United States collects and transports a large volume
of stormwater into water bodies.
• United States highways and bridge system is one of the contributors for non-point source pollution stated by the United States
Environmental Protection Agency.
• Highway stormwater runoff constitutes significant pollutants such as total suspended solids (TSS), “heavy metal”, nutrients,
organic contaminants, oil and grease which harm and impact water quality and endangered aquatic species.

Problem Statement
• A sustainable Stormwater Best Management Practice (BMP) to reduce pollutants in highway stormwater runoff by meeting the
Georgia Environmental Protection Division (EPD) permit performance goals in all major criteria (See Table. 1). This BMP will be
designed to solve common problems associated with some current Stormwater BMPs such as expensive operation and maintenance cost,
acquisition of extra land for construction and their complexity in construction. Some of current permanent infrastructures for highway
stormwater treatment are biofilters/bioretention basins, bio-slope, sand filters, infiltration trenches, and grass channels.

Figure 10. Graph of Solids and Oil and Grease concentrations vs. Rainfall Events.

Figure 9. Graph of Nutrients concentrations vs. Rainfall Events.

• Four different types of soil series ( Pacolet, Cecil, Tifton, Cowarts)were sampled across Georgia for this project, only 1 soil series maps are
illustrated above (See figure 6).
• Reasons for these soil series sampling are: They represented some of the most common soil series in the state of Georgia and cover a large
area mainly in the metropolitan areas with major highways and road networks( See Figure 7.)
• Flush flood rainfall represented highway stormwater runoff sample with the highest concentrations of pollutants in all samples (See Figure 9
& 10)

Biochar Amended Topsoil Analysis
Figure 1. Application of mixture of biochar and topsoil as
new bioslope media on highway side slope.

Figure 2. Biochar highway stormwater runoff pollutants treatment mechanism.

Objectives
•
•
•
•

To produce a potential BMP (Best Management Practice) which is green and environmentally friendly.
To produce a BMP with a long shelf life and to ensure easy maintenance by Georgia Department of Transportation (GDOT).
To provide GDOT with an affordable BMP through availability of cheap and sustainable materials and easy installation configuration.
To ensure the BMP has a high removal efficiency performance compared to other BMPs such as >85% Total Suspended Solids
removal, > 60% Total Phosphorus , >25% Total Nitrogen removal , >75% Heavy metal removal.
Table. 1 Pollutants removal rates by bioslope adopted by GDOT Drainage Design for Highways
Pollutants
Total Suspended Solids

Bioslope Pollutant % Removal
85%

Total Phosphorus

60%

Total Nitrogen

25%

Heavy metals

75%

Figure 11,12, 13 & 14 Saturated hydraulic conductivity of topsoil with biochar amendment in 0, 5,7
and 10% (wt%)

Figure 15. Experimental Setup of highway stormwater runoff
treatment using biochar amended topsoil

• Topsoil samples were sieved with 4.35 mm ASTM sieve to ensures uniformity, removed stones and root particles before manually mixing with
topsoil.
• Figure 11, 12, 13 and 14 showing decrease in saturated hydraulic conductivity of topsoil after biochar amendment, therefore increasing water
holding capacity
• Peak runoff from highway surfaces is reduced with increased water holding capacity highway bioslope of topsoil and biochar.

Methodology

Treatment of Highway Storm Water Runoff

Figure 3. Highway Stormwater Runoff Sampling
Apparatus..

Figure 16. Percent efficient removal of TSS, TDS, TS and Oil and grease
from highway stormwater runoff using biochar amended topsoil.

Figure 17. Percent efficient removal of COD, Phosphorus, TKN, TN, AM and
Nitrate from highway stormwater runoff using biochar amended topsoil.

Figure 4. Sampling date and rainfall intensity

.
Figure 5. Flowchart of Analysis and evaluation in this study.

Figure 6. Cecil Topsoil
Series Pedons Distribution in
Georgia

Figure 18. Percent efficient removal of Total and Dissolved Zn, Pb, and Cu from highway stormwater runoff using biochar amended topsoil.

Conclusions
Figure 7. Major Land Resource
Area of Georgia (Southern
Piedmont and Southern Coastal
Plain.)

Figure 8. Topsoil Sampling Locations

• At 5% biochar addition to topsoil, saturated hydraulic conductivity is reduced optimally ( 50% > ).
• Optimum and consistent removal of pollutants from highway storm water runoff occurred at treating topsoil with 5% and 7% biochar (see
Figures 16 &17).
• The cost of on-site topsoil was $0.00, while treating it with 5, 7, and 10 % biochar in terms of volume was $ 162.00, $226.00, and $ 324.00.
Therefore, the cost reduction is at 60% compared to GDOT engineered topsoil ($404.33) if topsoil is treated with 5% biochar at 3 cubic yard.
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